BIOCHEMICAL SOCIETY TRANSACTIONS buffer (pH7.4)/0.05% NaN, in a rocking water bath at 37OC. At various times after the addition of radiolabelled compound, duplicate samples were removed to assay the incorporation of radioactivity into proteins precipitable by treatment with 10% trichloroacetic acid for 12h at 4OC. The precipitated proteins were transferred to glass-fibre filters, which were then dried and counted for radioactivity by using liquid-scintillation techniques.
Stevens et al. (1978) have shown that radiolabelled glucose and glucose 6-phosphate bind to proteins of the bovine lens. I have also found binding of these substances to human lens proteins, but in the present work the binding curve for glucose 6-phosphate indicates a co-operative binding effect (Fig. 1 ) not found by Stevens et al. (1978) . This may be for the following reasons. (a) They used bovine lenses, whereas I used human lenses. (b) They used much higher concentrations of unlabelled glucose and glucose 6-phosphate (5-50 mM) in their incubations. In the studies depicted in Fig. 1 It has been shown in our laboratory that cyanate binds to human lens proteins (Harding & Rixon, 1980) . I have confirmed this and also found that glucose 6-phosphate and other sugars compete with cyanate for some or all of its binding sites. The possibility arises that the binding of such small molecules may act synergistically with regard to protein unfolding in cataract. Flavodoxins are low molecular weight electron transfer proteins which have been shown to substitute for ferredoxin in a number of biological reactions (Mayhew & Ludwig, 1975) . We have previously isolated and characterized the flavodoxin produced by the cyanobacterium Nostoc strain MAC in response to iron deficiency (Hutber et al., 1977 (Hutber et al., , 1981 and that found in the marine red alga Chondrus crispus (Fitzgerald et al., 1978) . The flavodoxin from the latter is of particular interest since it is constitutive and is the predominantly formed low-potential electron carrier, an accompanying ferredoxin occurring in very small amounts. In various biological assays (see Fitzgerald et al., 198Ob) C . crispus flavodoxin differed in activity compared with flavodoxin from Nostoc strain MAC. In particular, C. crispus flavodoxin was far less active in supporting H, evolution by a chloroplast-hydrogenase system than was the cyanobacterial flavodoxin or the ferredoxins from a range of cyanobacteria and algae. Our earlier observations of the unusual nature of the flavodoxin from C. crispus have therefore prompted a comparative study of the redox potentials of this flavodoxin from a eukaryote with those from the cyanobacteria Nosfoc strain MAC and Anacystis nidulans.
Oxidation-reduction properties of cyanobacterial and algal flavodoxins
Redox potentials were determined by potentiometric titration with sodium dithionite (reduction) and 2,6-dichloroindophenol or potassium ferricyanide (oxidation) using a spectrophotometric cuvette, of similar design to that of Dutton (1978) , whose contents could be maintained under anaerobic conditions by a flow of argon gas purged of traces of oxygen by passage through Fieser's solution. The cell potential at ambient temperature was measured with a platinum electrode by reference to a calomel reference electrode (+244mV) connected by a salt bridge to the cuvette contents. Reductant or oxidant as appropriate were added by microsyringe. The degree of reduction of the flavodoxin ( 4 0 -1 0 0 ,~~) was monitored spectrophotometrically using a Hitachi-Perkin-Elmer dual wavelength spectrophotometer (model 356) by following the absorbance change at 580nm (appearance and disappearance of semiquinone) or 464 nm (absorbance decrease on successive reduction to semiquinone and hydroquinone), relative to a reference wavelength of 750nm. The mediators used, with their Em.,, were 5,5'-indigodisulphonate (-125 mV), anthraquinone 1,5-disulphonate (-174 mV), phenosafranine (-252 mV), l,l'-dibenzyl-4,4'-bipyridylium dichloride (-358 mV) and 1,1 '-dimethyl 4,4'-bipyridylium dichloride (-449 mV), in various combinations. At the concentrations used ( I -1 0~~) correction for absorbance of the mediators at each potential was insignificant. The potentials at equilibrium after each addition of reductant or oxidant were plotted against A,,, or A,,, and the data were fitted to theoretical curves based on the Nernst equation, enabling Em values and stoichiometry of electron transfer to be determined. The same information could also be found from plots of log[(red.)/(ox.)l against cell potential.
The Em values determined for the oxidized-semiquinone and semiquinone-reduced interconversions for the three flavodoxins thus investigated are given in Table 1 , which also includes data in comparable form for the flavodoxins from other organisms, including one cyanobacterium. The data for each gave very good fits to theoretical curves for successive one-electron transfers. Data from successive reductive and oxidative titrations could be fitted to the same theoretical curve, though data for the reverse titration was occasionally less satisfactory for C. crispus flavodoxin. The apoflavodoxin shows unusual aggregation when the flavin is dissociated (Fitzgerald et al., 1980a) , and possibly this occurs to some extent under the strongly reducing conditions at completion of a reductive titration. Results for the redox potentials of A . nidulans flavodoxin were in good agreement with those previously reported by Entsch & Smillie (1972) , though the value for E, was some 30mV higher. The redox potentials for Nostoc strain MAC flavodoxin were very close to those of the A. nidulans flavoprotein. In contrast, though E, for C. crispus flavodoxin was the same, the redox potential of the semiquinone-reduced interconversion was significantly higher.
Whereas the values derived for E, were independent of pH over the range pH 7.0-8.2, the slope of the plots of Em for the oxidized-semiquinone interconversion (E,) were consistent with a change of -59 mV per pH unit increase in accord (Mayhew & Ludwig, 1975) Consequently, values of E l and E, at pH 8.2 for C. crispus flavodoxin were only 75 mV apart. Even at pH 7 the two redox potentials for this flavodoxin are closer than for any other (cf .  Table I) , and the possible physiological significance of this is being explored.
